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Bovine respiratory syncytial virus (BRSV) is globally one of the most important causes of 
respiratory disease in beef and dairy cattle of all ages and results in considerable costs for cattle 
farmers and significant suffering for the affected animals. The BRSV-infection can be 
subclinical to severe, and even fatal. There is no effective treatment and no commercially 
available vaccine that induces satisfying duration of protection, though promising vaccine 
candidates are under development. In addition to treatment costs and animal loss BRSV is 
associated to reduced production, such as reduced growth, reduced milk yield and fertility 
disorders. The virus can be transmitted directly and indirectly by respiratory secretion. Spread 
between and within herds is often rapid. The contagious nature of the virus together with its 
severe impact on animal welfare and economy necessitate effective preventive measures.  
To develop cost-efficient prevention strategies against BRSV evaluation of the economic 
impact caused by the virus is necessary. This study aimed to estimate the economic impact of 
BRSV by analyzing the short-term costs associated to a BRSV-outbreak in a Swedish dairy 
herd. The parameters investigated were veterinary care, drug treatment, diagnostic tests, milk 
production, death and extra labor. The sum of the estimated budget items was 71,464 SEK, 
which rounded corresponded to 130 SEK per animal housed in the farm during the outbreak, or 
270 SEK per cow. Out of the investigated costs milk loss (23,234 SEK, 32,5%), death (21,000 
SEK, 29,4%) and extra personnel (17,112 SEK, 23,9%) were the three major budget items 
(61,346 SEK, 85,8%). Veterinary cost (2656 SEK, 3,7%), medicine costs (5399 SEK, 7,6%) 
and costs for diagnostic tests (2063 SEK, 2,9 %) were comparably small costs (10,118 SEK, 
14,2%). Due to the possible long-term consequences such as reduced growth and reproduction 
disorders not being included, the estimated sum of 71,464 SEK is most likely an 
underestimation of the true cost for the farm.  
The estimated cost in this study is an example of the short-term economic impact of a BRSV-
outbreak. By seemingly small changes of an outbreak’s characteristics the economic impact can 
change greatly. The investigated outbreak in the present study was for example characterized 
by relatively low mortality, 0,37%. In literature outbreaks of up to 20 % mortality are described. 
The clinical illness in the present herd was also relatively low, which was explained mainly by 
high inter-herd biosecurity and overall good cattle management and air quality resulting in 
minimized viral exposure and consequently less severely affected animals. The economic 
estimations and the epidemiologic observations presented in this study are in agreement with 
other papers emphasizing the economic impact and animal suffering of BRSV. Further, the 
epidemiologic observations presented in this study indicates that decreased feed consumption 
and decreased milk yield can be used as early warning signs of an upcoming BRSV-outbreak. 
In conclusion more research is needed to gain broader and more in-depth knowledge about the 







Bovint respiratoriskt syncytialt virus (BRSV) är globalt en av de viktigaste orsakerna till 
luftvägssjukdom hos nötkreatur av alla åldrar och resulterar i stora kostnader för nötbönder och 
avsevärt lidande för de drabbade djuren. En BRSV-infektion kan vara subklinisk till allvarlig, 
och har i vissa fall dödlig utgång. Det finns ingen effektiv behandling och kommersiellt 
tillgängliga vaccin skyddar inte optimalt. Lovande vaccinkandidater är dock under utveckling. 
Utöver vårdkostnader och djurförluster leder BRSV till försämrad produktion, så som i form 
av minskad tillväxt, sänkt mjölkproduktion och reproduktionsstörningar. Viruset kan smitta 
direkt eller indirekt via sekret från luftvägarna. Spridning mellan och inom besättningar sker 
ofta snabbt. På grund av virusets smittsamma natur i kombination med dess negativa påverkan 
på djurvälfärd och bondens ekonomi är behovet av effektiva förebyggande åtgärder stort.    
För att möjliggöra framtagandet av kostnadseffektiva preventionsstrategier är det nödvändigt 
att kvantifiera kostnaderna associerade till BRSV. Den här studien syftar till att bidra med 
information om BRSVs påverkan på lantbrukets ekonomi genom att analysera de kortsiktiga 
ekonomiska effekterna av ett BRSV-utbrott i en svensk mjölkkobesättning. Parametrarna som 
undersöktes i den här studien var veterinärvård, läkemedelskostnader, diagnostiska tester, 
mjölkproduktion, dödsfall och extra arbete. Totalsumman för dessa utgifter uppgick till 71 464 
kronor, vilket avrundat motsvarade 130 kronor per djur i besättningen. De tre största 
utgiftsposterna var mjölkförlust (23 234 kronor, 32,5 %), dödsfall (21 000 kronor, 29,4 %) och 
extra personal (17 112 kronor, 23,9 %). Veterinärvård (2656 kronor, 3,7 %), läkemedels-
kostnader (5399 kronor, 7,6 %) och kostnader för diagnostik (2063 kronor, 2,9 %) var 
förhållandevis små utgifter (10 118 kronor, 14,2 %). På grund av att potentiella långtidseffekter 
så som minskad tillväxt och reproduktionsstörningar inte inkluderades är det troligt att 
kostnadsberäkningen i studien är en underskattning av gårdens verkliga totalkostnad av 
utbrottet. 
Den framtagna totalkostnadsuppgiften i den här studien är ett exempel på vad ett BRSV-utbrott 
kan kosta. Med till synes små förändringar i ett utbrotts karaktär kan de korrelerande 
ekonomiska följderna förändras stort. Utbrottet i den här studien karaktäriserades exempelvis 
av en förhållandevis låg mortalitet, 0,37 %. I litteraturen finns utbrott med upp till 20 % 
mortalitet beskrivna. Vidare var den kliniska sjukdomsgraden i det undersökta utbrottet 
förhållandevis låg, vilket framförallt förklarades med gårdens strikta hygienrutiner och överlag 
goda djurhållning och luftkvalitet, som antogs resultera i en under omständigheterna låg 
virusexponering och motståndskraftiga djur, och därigenom mindre allvarligt påverkade djur. 
De ekonomiska estimeringarna och de epidemiologiska observationerna i den här studien 
stödjer de i litteraturen tidigare angivna observationerna för BRSVs negativa konsekvenser 
gällande ekonomi och djurvälfärd. Vidare indikerar de epidemiologiska observationerna i den 
här studien att nedsatt aptit och sänkt mjölkproduktion kan användas som tidiga varningstecken 
för ett nära förestående BRSV-utbrott. Fortsatt forskning är nödvändig för att bredda och 
fördjupa kunskapen om BRSVs ekonomiska konsekvenser, både för olika besättningstyper och 
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ALRI acute lower respiratory infections  
BCoV bovine coronavirus 
BPIV3 bovine parainfluenza virus type 3 
BRD bovine respiratory disease 
BRSV bovine respiratory syncytial virus 
BVDV bovine viral diarrhea virus 
ELISA enzyme-linked immunosorbent assay  
HRSV human respiratory syncytial virus 
IDAMY individual daily average milk yield 
Ig immunoglobulin 
MDA maternally derived antibodies 
RT-PCR reverse transcription polymerase chain reaction 

























The actualities for many cattle farmers today with high production costs and low production 
income lead to a difficult economic situation where the need for optimal management and 
healthy animals is high. An important factor for animal production characterized by profitability 
and high animal welfare is prevention of infectious diseases. To calculate the cost-efficiency of 
prevention for a disease it is necessary to know the economic impact associated to the disease.  
This study aimed to provide information about the economic impact of BRSV, based on a 
BRSV-outbreak in a Swedish dairy herd. In the literature there is sparse information about the 
actual costs related to BRSV-infection. The losses included in this study were milk loss, death, 
extra labor and treatment costs. Along with these economic estimations the epidemiologic 
aspects of the outbreak, such as morbidity and transmission within the herd were described. 
Long-term effects such as growth reduction and fertility disorders are still under investigation 





Bovine Respiratory Syncytial Virus 
Bovine respiratory syncytial virus (BRSV) is one of the most important causes of respiratory 
disease in beef and dairy cattle (Stott et al., 1980; Verhoeff and van Nieuwstadt, 1984). This 
virus is a member of the genus Orthopneumovirus, belonging to the family Pneumoviridae 
(Rima et al., 2017). The viron is enveloped and the genome is negative-sense unsegmented 
RNA. BRSV was first isolated in 1970 in Switzerland (Paccaud and Jacquier, 1970) and is 
globally widespread and endemic in many areas (Elvander, 1996; Sarmiento-Silva et al., 2012). 
The virus can be pathogenic to both calves and adult cattle, but affects calves more severely in 
areas where adult cattle are immune (Larsen et al., 1999). The infection can be subclinical to 
severe, and even fatal (Sarmiento-Silva et al., 2012; Stott et al., 1980; Verhoeff and Van 
Nieuwstadt, 1984). A symptomatic infection leads to clinical signs associated with respiratory 
disease, and may involve both upper and lower respiratory tract (Castleman et al., 1985). 
Treatment is mainly symptomatic and effective treatment alternatives are missing (Viuff et al., 
2002). A BRSV-infection can cause severe suffering for the affected animal and is of great 
importance in terms of animal welfare (Hägglund et al., 2007). This virus is generally 
considered to result in considerable economic consequences for cattle farmers worldwide 
(Brodersen, 2010). BRSV is genetically, pathogenetically and epidemiologically similar to 
human respiratory syncytial virus (HRSV), making it possible for actors within veterinary and 
human medicine to exchange useful knowledge in their fight against RSV-associated disease 
(van der Poel et al., 1994).  
Human respiratory syncytial virus  
HRSV is, in similarity to BRSV, host-specific (Valarcher and Taylor, 2007) and is under normal 
circumstances not pathogenic to any other host than its natural host (Thomas et al., 1984). 
HRSV is globally the most common and most important pathogen identified in young children 
with acute lower respiratory infections (ALRI) (Nair et al., 2010; Wright et al., 2000). ALRI is 
one of the major causes of mortality in children younger than 5 years (Liu et al., 2016). In 
similarity to BRSV, there is a great need of preventive medicine against HRSV. Today there 
are more than 60 HRSV vaccine candidates in clinical development (Shi et al., 2017). BRSV 
vaccines, of varying efficacy, have been available since the late 1970’s (Ellis, 2017). 
Epidemiology  
BRSV is globally widespread and herd seroprevalence can in geographic regions be as high as 
100% (Elvander, 1996; Ohlson et al., 2010). Individual seroprevalence increases by age (Van 
der Poel et al., 1994). In temperate climates there is a seasonal periodicity with the highest 
outbreak incidence during the winter season. Both calves and adult cattle are susceptible for 
BRSV-associated disease (Larsen et al., 1999). Morbidity varies greatly, from subclinical 
outbreaks to outbreaks where most animals fall ill (Elvander, 1996; Jacobsson et al., 1989; 
Kimman et al., 1988). Mortality is usually low but up to 20% has been reported (Valarcher and 
Taylor, 2007). The virus can be transmitted directly from animal to animal, through aerosol 
within a building or indirectly through contaminated humans or equipment (Mars et al., 1999; 
Ohlson et al., 2010). It is not known how the virus survives between outbreaks (Larsen et al., 
2000). RSV is a labile virus, but a study on HRSV has shown that HRSV can survive six hours 
3 
 
in room temperature (Hall et al., 1980). BRSV is considered to have high genetic stability, but 
yet different field isolates have genetic diversity (Deplanche et al., 2007; Valarcher et al., 
2000). Through mutations new BRSV populations with genetic variability that might have 
biological implications evolve (Valarcher et al., 2000). Up to 11% nucleotide sequence 
variation in certain analyzed genes was found when sequencing virus isolates from outbreaks 
from different years within the same closed herd (Larsen et al., 2000). 
Clinical signs  
After the incubation period of 2-5 days (Valarcher and Taylor, 2007) the course of infection 
can be subclinical to severe, and even lethal (Sarmiento-Silva et al., 2012; Stott et al., 1980; 
Verhoeff and Van Nieuwstadt, 1984). Common clinical signs are serous nasal discharge, 
malaise, anorexia, fever (up to 42°C), tachypnea, dyspnea, abnormal breathing sounds and 
coughing (Baker et al., 1986; Elvander, 1996; Paccaud and Jacquier, 1970; Smith et al., 1975). 
The duration of clinical signs varies depending on the course of infection, in literature an 
average of three to ten days is described (Paccaud and Jacquier, 1970). 
Pathogenesis and lesions  
The pathogenesis of BRSV-infection is complex (Sarmiento-Silva et al., 2012), and so far not 
completely elucidated. Studies have shown that the pathogenesis is closely related to the host 
response to the BRSV-infection (Gershwin, 2007). It has further been demonstrated that 
pathological changes correspond well to clinical signs, both in natural and experimental 
infections (Kimman et al., 1989; Viuff et al., 2002). 
After a couple to a few of days following transmission, BRSV is observed in a variety of ciliated 
and non-ciliated epithelial cells from upper to lower respiratory tract, as well as intraluminally 
((Bryson et al., 1991); (Castleman et al., 1985); (Viuff et al., 2002)). Depending on how fast 
the infection is limited by the immune system the virus can be detected during approximately 
one week (Kimman et al., 1989; Viuff et al., 2002). Significant infection in cells beneath 
respiratory epithelial cells has not been observed, but pathological changes such as oedema and 
cellular infiltration, are present in the interstitial tissue (Viuff et al., 2002). After replication in 
the cytoplasm viral particles bud directly through the apical membrane, initially without 
obvious cytopathology (Ellis, 2017). Within a couple of days after onset of viral replication 
characteristic microscopic and macroscopic changes occur (Castleman et al., 1985; Viuff et al., 
2002). Infected ciliated cells lose their cilia, epithelial syncytial cells appear and progressively 
the epithelium becomes irregular, necrotic and hyperplastic.  
It has been indicated that infected cells die by apoptotic mechanisms, whereafter most of the 
apoptotic cells are phagocytised by neighbouring epithelial cells and macrophages (Viuff et al., 
2002). Apoptosis of the infected epithelial cells is believed to be one of the major means of 
limiting the infection. The major mechanism of intraluminal viral clearance is thought to be 
phagocytosis by neutrophils. The cell loss occurs in upper and lower respiratory tract, and in 
pulmonary parenchyma, with loss of type I and type II pneumocytes.  
In trachea, bronchi and bronchioles there is mucopurulent exudate and beneath the respiratory 
epithelium there is interstitial oedema (Viuff et al., 2002). The lumen of bronchi, bronchioles, 
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and alveoli might be obstructed or filled with cellular debris, mainly consisting of neutrophils 
and epithelial cells. Affected lung areas are often red, depressed and firm (Bryson et al., 1991; 
Castleman et al., 1985). In severe cases bronchiolitis obliterans and emphysema might develop 
(Bryson et al., 1991; Castleman et al., 1985; Viuff et al., 2002). Consolidation is commonly 
observed (Viuff et al., 2002). In severe cases total consolidation of cranial, middle, accessory, 
and part of the caudal lobes has been observed at the peak of clinical signs, 6-8 days after 
experimental inoculation. The consolidation can remain weeks after acute phase of disease.  
In a recent study where proteome analysis of bronchoalveolar lavage from experimentally 
BRSV-infected calves were performed at the peak of clinical signs, the following cell processes 
were indicated: neutrophil activation and chemotaxis, epithelial cell response, lymphocyte and 
natural killer cell activation and chemotaxis, macrophage activation, systemic acute-phase 
response, cell necrosis and/or apoptosis, and gluconeogenesis (Hägglund et al., 2017). The most 
characteristic findings were neutrophil activation and a reduction in identified antioxidant 
enzymes, in the experimentally infected non-vaccinated calves compared to vaccinated calves 
or non-infected control calves. The level of neutrophil activation and the low levels of 
antioxidant proteins correlated to the severity of disease. Neutrophils in excessive numbers are 
believed to have negative effects (Geerdink et al., 2015) and antioxidant enzymes are needed 
for detoxification of reactive oxygen species (Hägglund et al., 2017), which are released by 
neutrophils. 
In case of an uncomplicated primary BRSV-infection, in an otherwise healthy animal, the main 
part of the BRSV-associated lesions are often relatively well repaired two weeks after infection 
(Bryson et al., 1991; Viuff et al., 2002). Examples of more long-lasting tissue changes are 
bronchiolitis obliterans, collapsed alveoli, hyperplastic bronchial-associated lymphoid tissue, 
and increased number of neutrophils in the bronchioles, alveolar macrophages in the alveoli 
and CD4+ and CD8+ T cells in the tissue. 
Immunity  
Seroconversion occurs as a result of BRSV-infection in seronegative animals. Seroconversion 
has been observed as early as three days after experimental infection in calves (Castleman et 
al., 1985). Antibodies may remain detectable in bulk milk for years without reinfection 
(Beaudeau et al., 2010), but the degree of protection and the duration of immunity is not known. 
Reinfection in seropositive animals result in an increase in antibody titer, but clinical signs are 
less common than in primary infections (van der Poel et al., 1994).  
In an experimental infection of BRSV-seronegative (colostrum-deprived) calves BRSV-
specific IgM and IgA was detected from eight to ten days after infection in serum, nasal and 
lacrimal secretions and faeces (Kimman et al., 1987). BRSV-specific IgG1 could be detected 
in sera from day 13 to 17 after infection. In the same study seropositive (colostrum-fed) calves 
had largely or totally suppressed antibody responses. When the calves were reinfected a strong 
immune response characterized by IgA developed already six days after infection. The immune 
response during the reinfection was the strongest in the group of colostrum-deprived calves.    
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BRSV-specific maternally derived antibodies (MDA) are partially protective against BRSV-
associated disease (Kimman et al., 1988). An inverse correlation has been observed between 
the level of BRSV-specific MDA and the incidence and severity of disease. The mean half-life 
of MDA in non-vaccinated calves is seven weeks (Fulton et al., 2004). MDA can remain in the 
circulation for up to six months, duration depending on the amount consumed and absorbed and 
the rate of decay.  
Diagnostic methods  
There is a variety of possible tests to diagnose BRSV infection. In acute stage of infection, after 
virus shedding has begun, direct tests aiming to detect virus can be used. In later stages indirect 
tests, aiming to detect virus-specific antibodies, can be carried out. Direct tests include virus 
isolation, fluorescent antibody staining, antigen enzyme-linked immunosorbent assay (antigen-
ELISA), reverse transcription polymerase chain reaction test (RT-PCR) and 
quantitative reverse transcription PCR (RT-qPCR) (Brodersen, 2010). Indirect tests include 
serum neutralization tests, and indirect and capture ELISAs (Hägglund, 2005). 
Virus isolation in cell culture is a laborious and time-consuming method that can take over a 
month to complete (Wellemans, 1990). Another negative aspect with this method is that it 
requires viable virus, and BRSV is very labile (Smith et al., 1975). In virus isolation a 
presumably virus containing specimen is inoculated onto a cell culture. After inoculation of the 
cell culture cythopathogenic effects, such as lysis of cells and syncytia, are searched for 
(Wellemans, 1990). The isolation is finally confirmed with immune based antigen detection. A 
benefit with virus isolation over other methods is that a positive test result guarantees that the 
animal was infectious at the time of sampling (Hägglund, 2005). 
In fluorescent antibody staining fluorescent BRSV-specific antibodies are used to visualize 
BRSV-specific antigens in the specimen (Hägglund, 2005). Fluorescent antibody staining is 
faster than virus isolation, but is still not satisfactory under veterinary diagnostic laboratory 
conditions due to lack of sensitivity and specificity (Osorio et al., 1989). The low sensitivity 
and specificity can, among other factors, be due to autolysis, difficulty in visualizing the 
positive-staining cell types, and quenching of fluorescent signal (Brodersen, 2010). Another 
negative aspect with fluorescent antibody staining it that the window of detection is limited to 
only a few days in the acute phase of the disease (Hägglund, 2005). 
The principle of antigen-ELISA is that BRSV-specific antigens from the specimen attach to the 
walls of microtiter wells coated with BRSV-specific monoclonal antibodies, whereafter BRSV-
specific enzyme-linked antibodies and finally an enzyme substrate is added, resulting in a color 
change if BRSV-specific antigens are present (Hägglund, 2005; Uttenthal et al., 1996). There 
are different ways to preform antigen-ELISAs, all with varying degree of complexity, 
sensitivity and specificity (Quinting et al., 2007). In one study antigen-ELISA showed a 
sensitivity of 60% and specificity of 100% compared to the reference test RT-PCR. In similarity 
to fluorescent antibody staining antigen-ELISA is an optional diagnostic test only for a few 
days in the acute phase of the disease (Hägglund, 2005).  
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RT-PCR is a highly sensitive and specific diagnostic approach that in optimal cases 
qualitatively can detect BRSV genome up to two weeks after the first clinical signs (Larsen et 
al., 1999; Valarcher et al., 1999). The high sensitivity of PCR is due to the minimal amount of 
virus-specific nucleic acid needed (Larsen et al., 1999). In RT-PCR reverse transcriptase 
generates complementary DNA from specific BRSV-genome sequences. Which genome 
sequences that will be amplified is determined by which nucleotide primers that has been added. 
The synthesis is regulated by thermocycling. After repetitive thermocycles the amplicons can 
be detected through visualization in gel electrophoresis (Hägglund, 2005). 
RT-qPCR is similar to RT-PCR but requires only one round of amplification and the detection 
of the amplicons can be carried out directly in the test tube by the means of fluorescent 
molecules (Hägglund, 2005). The strength of the fluorescence signal is proportional to the 
amount of BRSV in the sample and the rounds of amplification. RT-qPCR has the advantage 
over RT-PCR that it is faster and has a lower risk of sample contamination. 
In serum neutralization test mixtures of serum sample and BRSV suspension are inoculated 
onto cell cultures (Murphy et al., 1999). By inoculating the cell cultures with serum-virus 
mixtures of different serum concentrations, and then after incubation observe which 
concentration protects the cell culture from viral infection, the amount of BRSV-neutralizing 
antibody in the serum sample can be estimated.  
In indirect ELISA the presumably antibody containing sample is put in microtiter wells coated 
with BRSV-specific antigen (Elvander et al., 1995). After incubation and wash enzyme-
conjugated anti-bovine immunoglobulin antibodies are added. Incubation and wash is repeated 
and then substrate is added as the final component. After a few minutes of reaction the color 
development is stopped and the optical density is measured. If the optical density is above a 
certain threshold the test is considered positive.  
In capture ELISA the microtiter wells are instead coated with isotype-specific monoclonal 
antibodies (Uttenthal et al., 2000). The following ingredients are serum sample, BRSV-antigen, 
enzyme conjugated BRSV-specific antibodies and substrate. Through this method antibodies 
of a specific isotype can be measured. 
Treatment  
There is no antiviral treatment for BRSV infection, instead treatment is symptomatic (Viuff et 
al., 2002). Anti-inflammatory drugs are commonly used in attempts to mitigate clinical 
symptoms, increase appetite and decrease inflammatory lung damage (Francoz et al., 2012). 
NSAID-treatment has shown to decrease rectal temperature but proofs of beneficial effects for 
other ancillary drugs are weak. Antibiotic treatment of bacterial co-infection is sometimes used, 
but needs due to the policy of restrictive use to be restricted to severe cases. 
Prevention 
To prevent transmission of BRSV between herds infectious control measures such as no 
purchase of infected animals and profound hygiene routines for people visiting different herds 
are important (Ohlson, 2014; van der Poel et al., 1994). It is also important with high herd 
7 
 
health, good management and good housing to keep the animals as resistant to infection as 
possible (van der Poel et al., 1994).  
The today commercially available vaccines against BRSV only give partial protection against 
BRSV-infection and due to short duration of efficacy they require repeated boosting (Blodörn, 
2015). A new generation of vaccine candidates are under development. The goal of the new 
generation of BRSV vaccines is a vaccine with complete protection against clinical illness, 
prevention of virus replication to stop transmission, long lasting immunity after only one shot 
and an immunologic response differentiable from the response acquired from natural infection 
so that infected and non-infected animals can be differentiated.     
Economic consequences  
Bovine respiratory disease (BRD) results in considerable costs for farmers worldwide and 
BRSV is a major contributor to BRD (Brodersen, 2010; van der Fels-Klerx et al., 2001). To the 
author’s knowledge there are no papers in the literature quantifying the total cost of BRSV-
infection on herd level in a dairy herd. Factors identified as likely to be affected by pneumonia 
in dairy cattle are mortality, culling, treatment costs, veterinary costs, extra labor, reduced milk 
production, growth reduction and fertility disorders (van der Fels-Klerx et al., 2001). Klem et 
al. (2015) demonstrated that BRSV-infection was correlated to reduced weight gain and feed 
conversion, both in subclinically infected and severely affected in bull calves (Klem et al., 
2015). These negative effects on production were observed to last for several months. In another 
study abortion was observed in dairy cows with BRSV-associated clinical illness (Jacobsson et 
al., 1989). In the same study 72% decrease in daily bulk milk production was reported for two 
days during the most acute phase of a BRSV-associated outbreak and decrease in milk 
production was reported to last for two months. When comparing average individual milk yield 
in cows of non-infected and BRSV-infected herds during a seven-month period a significant 
reduction of 0,9 kg/day was observed for cows in infected herds (Beaudeau et al., 2010).  
MATERIAL AND METHODS 
Farm description, animal housing and management 
The farm description below is a compilation of the farm database, interviews with farm 
personnel, observations made during farm visits and the farm information booklet of 2016 
(Lövsta, 2016), a booklet published annually by the farm.  
Lövsta dairy farm is a modern research farm with high biosecurity, high herd health level and 
highly automatized milking and feeding systems. The farm moved to new facilities in 2011 and 
the herd size was at the same time increased through purchase of animals from four other farms. 
From 2011 no new animals were bought, instead own recruitment has been practiced. By the 
time of the outbreak the total number of animals on the farm was about 545, about 60 % of the 
breed Swedish Red-and-White and 40 % Swedish Holstein. Between the move to the new 
facilities in 2011 and the BRSV-outbreak in January 2016 there were no observed outbreaks of 
respiratory disease in the herd. Like other cattle farms in Sweden Lövsta is free from bovine 
viral diarrhea virus (BVDV). Sweden was declared free from BVDV in 2014 (Statens 
veterinärmedicinska anstalt, 2018). During the time of the outbreak there were several BRSV-
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Overview of the farm building 
outbreaks diagnosed in the area of Uppsala. It was never found out how BRSV was transmitted 
to the farm. 
The high biosecurity on the farm is created by the practice of own recruitment, different stable 
sections for different animal categories and profound hygiene routines for human beings and 
equipment. Everyone who enters the stable enters through a changing room, to change into 
clean clothes and foot wear provided by the farm. The changing room is followed by several 
hygiene checkpoints, where wellingtons and hands can be washed and disinfected. The hygiene 
checkpoints are located throughout the stable, between the different areas of the stable. The 
personnel are divided into smaller workgroups, each responsible for different animal categories, 
to avoid transmission of infectious agents within the herd. Each stable area has its own set of 
tools, and equipment that is moved between different areas is cleaned between times of use.  
 
 
Figure 1. A, lactating cows; B, recruit animals over six months of age and dry cows; C, calves age two 
to six months, calving and sick ward; D, calf hutches, calves under two months of age; E, changing 
rooms, personnel facilities, education room, storage rooms and feed mixing; F, extra section for 
animal housing, not in use during the outbreak. 
 
The stable has different sections for different areas of use and different animal categories (Fig. 
X.X). Section A is where the lactating cows are being housed. It is a heated free-stall with 
passive ventilation. By the time of the outbreak there were about 230 lactating cows, divided 
into four groups, separated by fences. Group one is being milked in an automatic milking 
system (DeLaval VMSTM) and group two, three and four are being milked in a milking rotary 
parlour (DeLaval AMRTM). Cows in group one and two are fed roughage in weight cells, 
making it possible to record, and if desired limit, roughage consumption on individual level. 
Cows in group three and four have free access to roughage, and their consumption can not be 
recorded on individual level. The concentrates are fed through automatic concentrate feeders 
and the maximum daily distribution is regulated for each individual animal.  
Stable section B is in similarity to section A a heated free-stall with passive ventilation and 
fenced areas for housing of different animal groups. The animal groups in section B consist of 
recruitment animals over six months of age and dry cows. The groups of younger animals are 
segregated by age. All animals in section B have free access to roughage. Concentrate is 
distributed manually.  
D 




Stable section C consists of several smaller rooms, with controlled and separate heating and 
ventilation for each room. There is a room for calving heifers and cows (maximum 18 adult 
animals), a room for sick animals (16 pens), and four rooms for calves two to six months of 
age. The animals in section C are fed roughage manually, concentrate manually or through 
feeders, and when needed milk through milk feeders. The lactating cows in section C are milked 
separately, and not through the milking systems in section A.  
On the farmyard there is a roofed area, section D, where the youngest calves are being housed 
in calf hutches. The calves normally live individually in one calf hutch per calf. The calves live 
in the calf hutches from the day they are born until the age of two months. They are fed 
colostrum from their respective mother the three first days of life, and thereafter good quality 
whole milk produced on the farm. During the outbreak the number of calves varied between 26 
and 36.  
Section E consists of changing rooms, hygiene checkpoints, offices, a canteen, education 
rooms, storage rooms and a room for feed mixing. Section F is a room for animal housing that 
was not in use during the time of the outbreak.    
The farm recording system and database 
The data recorded at the farm consists to a smaller part of handwritten records on paper and to 
the greater part of either manually digitalized records or data recorded through automatic 
recording systems. The database system for the farm is called Basreg and is created by the 
Swedish University of Agricultural Science for research purpose. It is under constant 
development and stores big amounts of various kinds of production data, gathered both 
manually by the personnel and automatically by the feeding and milking systems. Examples of 
collected data used in this thesis are individual milk yield and feed intake, calving records, 
treatment records and records of individual animal movement between stable sections. The 
recording systems vary for different kinds of data and for the same kind of data, and sometimes 
there is no recording at all. The varying degree of recording makes it difficult to create complete 
overall pictures both on herd and individual level, and to find explanations for abnormal 
records.  
Outbreak description 
Information to define the extent and the clinical details of the outbreak was gathered from 
veterinarian medical charts, health records of individual animals, email correspondence 
between personnel and researchers connected to the farm, and interviews with personnel, farm 
veterinarians, and researchers working at the farm by the time of the outbreak. To estimate the 
cost of the deaths Swedish official numbers from 2015 was used, 10500 SEK for a cow in 
production (Oskarsson and Engelbrekts, 2015). 
Cost estimation method 
The economic effect of the BRSV-outbreak in the herd was explored by means of partial 
budgeting. In partial budgeting only factors of potential economic relevance and that are 
expected to be changed by the event are analyzed for estimation. The budget items that were 
expected to be changed by the BRSV-outbreak were veterinary expenses, medicine costs, cost 
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for laboratory investigations, additional personnel, death, loss in milk yield, decreased feed 
consumption, decreased growth and decreased fertility. Due to complicated feeding system and 
feed recording system on the farm the feed consumption was only possible to estimate partially 
and in terms of weight, and not in terms of economic effect. Investigations on growth and 
fertility are ongoing, but will be outside the scope of this thesis. Excel was the software used 
for calculations. If nothing else is stated prices of the outbreak period, January 2016, were used. 
The currency rate in January 2016 for one SEK was 0,11 EUR or 0,12 USD (XE, 2018). 
Veterinary and medical costs 
The cost for the field veterinarian was calculated by going through veterinarian bills from the 
time period of the outbreak and identify the bills that were directly associated to the BRSV-
outbreak. The prizes given in the bills were then summarized. In the calculations tax free prices 
were used, because all farmers in Sweden are permitted tax deduction by law. 
To estimate the total cost of the administrated medicines the outbreak associated BRSV-
treatments were first identified in the farm’s treatment records. Secondly the total volume for 
each administrated medicine was calculated, based on the information given in the treatment 
record. Thereafter the total medicine volumes were converted to a corresponding number of 
doses or bottles, depending on the information in the veterinarian bills. Lastly the number of 
doses or bottles for each medicine was multiplied with the respective prices given in the 
veterinarian bills. For medicines sold in bottles the cost estimation was based upon the price for 
an entire bottle, even if an entire bottle was not used during the outbreak.    
To estimate the cost of syringes and cannulas the number of syringes and cannulas used during 
the outbreak was calculated, based on the information about numbers of medicine 
administrations and the volume of each dose given in the treatment record. The doses 
administrated by the field veterinarians were not included, because the field veterinarians did 
not charge specifically for syringes and cannulas. The corresponding number of syringe and 
cannula packages were then calculated. Lastly the number of packages were multiplied with 
the respective prices of January 2016. The estimation was based upon the price per whole 
package even if an entire package was not used during the outbreak.  
Laboratory investigations and costs 
To find out what laboratory investigations were carried out, and their respective results, medical 
charts of the farm veterinarian and investigation and laboratory records of the farm connected 
researchers were compiled. There were three different kinds of diagnostic tests performed, nasal 
swabs for RT-qPCR, nasal swabs for virus isolation in cell culture and serum samples for 
indirect-ELISA for detection and qualitative measuring of BRSV-specific IgG1 antibodies. 
Three RT-qPCR samples were collected by the farm veterinarian for routine diagnostic purpose, 
and payed by the farm. The other tests were performed within independent research projects 
and therefore not payed by the farm. 
Estimation method for cost of extra work hours 
The number of hours during which the farm hired extra personnel to meet up the extra work 
load caused by the outbreak were estimated by, together with the stable foreman, going through 
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the work schedule of the month in which the outbreak occurred. The cost for the farm for these 
additional hours were then estimated based on the farm’s regular wage, fees and general payroll 
tax for the intended period. The information about the wage, fees and general payroll tax was 
given by an economist employed by Swedish University of Agricultural Sciences, to which the 
farm belongs.  
Estimation of milk production and losses 
To estimate the daily milk production on herd level bulk milk reports from the purchasing dairy 
company was analyzed. The bulk milk was analyzed in terms of amount of sold milk, the milk 
quality parameters fat, protein and somatic cell count, and selling price. Due to a selling pattern 
of every other day, or when highly uneven amounts between consecutive days was detected, 
the bulk milk data was recalculated to mean values of two-day-intervals. To estimate the 
changes of milk production due to the outbreak at a herd level, reference values were calculated. 
Reference values for the amount of bulk milk were calculated by using the data given in the 
reports from the dairy company. The data was used to calculate an imaginary line between the 
first day of visually observed milk loss to when the milk production was expected to be close 
to normalized again, 1st to 23d of January. The end point dates for the analyzed time period of 
presumably decreased milk production were chosen based on the values in the bulk milk report, 
individual production data and clinical records. The amount of decreased milk production was 
estimated by calculating the difference between the expected amount of bulk milk and the actual 
amount of bulk milk.  
Reference values for the milk quality parameters were calculated by calculating mean values 
for a ten-day period one month before the outbreak, 1st to 10th of December 2015. The milk 
quality values during the outbreak were then compared with the reference values. To estimate 
the value of the decreased milk production the actual income was compared with the expected 
income. The expected income was based on the expected amount of milk, the reference milk 
quality and the price setting of the outbreak period.  
To estimate the daily number of cows in lactation data from the automatic milking systems, 
farm records on individual animals and reports from the stable foreman was used. To estimate 
the individual daily average milk yield (IDAMY) the bulk milk amount was divided with the 
number of cows that had been milked in the automatic milking systems on the corresponding 
day. On the farm only milk from the automatic milking systems is being sold, and no milk 
produced by cows housed in the sick ward or the calving room is transferred to the milk tank. 
For individual milk curves data provided by the automatic milking systems were used. To 
identify any distinctive decrease in milk yield in a milk curve the curve was eyed visually and 
compared with itself. If the identified decrease corresponded to BRSV-associated clinical 
records, and no other explanation to the decreased milk yield was to be found in available 
records, the decrease was suspected to be due to the BRSV-infection. To as accurate as possible 
estimate the extent and duration of the decrease in milk production in an individual milking 
curve the physiological daily decrease was taken into account. The average physiological daily 
decrease in milk yield for a Swedish cow is 0,05-0,09 kg/day (Nygren, 2010).  
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Data for the number of calvings per day was collected from the farm database Basreg. Based 
on animal-ID and individual records the number of heifers and older cows was determined. 
Estimation of feed consumption 
In addition to interviewing the personnel and going through health records and protocols of 
farm meetings, feeding data was collected from the farm database Basreg. Data was collected 
based on date and animal-ID or feeder. The daily total consumption for the chosen animals was 
calculated by in Excel adding the individual records. The individual daily average was then 
calculated by dividing the total consumption for each day by the corresponding number of 
recorded animals for each day. To estimate how much the feed consumption changed during 
the outbreak a reference consumption level was calculated. The reference was calculated for 
the same reference period as used for the milk quality reference period, 2015-12-01 to 2015-
12-10, one month before the outbreak. Due to different feeding systems and varying degree of 
feed recording in the different parts of the farm feed consumption was only possible to estimate 
qualitatively for the cows in section A. For the calves housed in the hutches paper copies of 




The clinical phase of the outbreak was recorded to begin on the 3rd of January 2016. On the 
first day only one clinical case of respiratory disease was detected, but already on the second 
day there were over 20 animals recorded with clinical signs. The first observed clinical case 
was a three-year-old cow housed in milking group 1. The cow had no known health problems 
but had ten days earlier entered second lactation. The cow was observed to have fever and heavy 
breathing and was moved to the sick ward and treated with the non-steroidal anti-inflammatory 
drug meloxicam 20 mg/ml (0,5 mg/kg) for one day and the antibiotic benzylpenicillin 
300mg/ml (20 mg/kg) for five days, both drugs administrated according to the manufacturers’ 
recommendations. The first animals to fall ill were the lactating cows housed in section A. 
Progressively more animals fell ill and within a week the outbreak had spread to all stable 
sections in the main building. Within two weeks clinical signs were recorded also among the 
calves in the hutches, in section D. On herd level clinical signs of BRSV were observed during 
at least three weeks.  
The farm veterinarian was called out to the farm on the second day of the outbreak, on the 4th 
of January. The farm veterinarian suspected BRSV as a causative agent and collected samples 
for laboratory diagnosis, see paragraph Laboratory investigations. Together with the personnel 
the farm veterinarian set up guidelines for sick care, prevention of disease spread and early 
detection of new cases. Depending on the severity of clinical signs sick animals were given 
medical treatment, and if space in the sick ward, moved to the sick ward. For cows in milking 
group 1 and 2 that were too depressed to walk to the feeders hay was distributed in front of the 
cubicles. Some calves were given additional milk and three hutch calves were moved inside for 
protection of the cold weather, about -20 °C (Fig. 2). To minimize spread within the herd the 




routines. For example one stable worker was set to work solely in the sick ward and the 
personnel who worked with the calves changed clothes and gloves when moving between the 
calves in section C and the hutch calves. To as quickly as possible detect new clinical cases all 
calves and all cows in section A were monitored at least twice daily and when motivated rectal 
temperature was checked. This procedure lasted for at least two and a half weeks. The last case 
of detected fever was on the 19th of January, 16 days after the first observed clinical case. The 
recruit animals and dry cows in section B were also monitored but without any systematic 
recording of their health. 
 
Figure 2. Outdoor temperature in Uppsala December 1st 2015 to January 31st 2016. The semi-
transparent area represents the clinical phase of the outbreak, recorded to have started on January 
3rd 2016. 
 
Due to incomplete health records the herd morbidity was not possible to determine with 
certainty, but compilation of the health records of the cows in section A showed that BRSV-
associated illness was suspected in about half of the cows. The animal categories that were 
recorded with highest morbidity and most severe clinical illness were the lactating cows in 
section A, the peripartum animals in the calving room and the two to six months old calves in 
section C. The seemingly least affected animal group was the calves in the hutches. They 
appeared to be subclinically to mildly affected by the virus, with mild respiratory signs and only 
a few cases of detected fever. However, the low outer temperature (Fig. 2) seemed to prevent 
the calves from rising their body temperature since several calves were shivering.   
The degree of clinical signs varied among the animals in the herd, from subclinical to severe, 
and even death. The most common clinical signs were serous to mucopurulent nasal discharge, 
tachypnea and decreased general condition. Other common clinical signs were fever (up to 
41,1°C), coughing, dyspnea, abdominal breathing, inappetence and serosal lacrimal discharge. 
Some animals developed severe dyspnea, anorexia and apathy.  
The mortality was relatively low, with two cases of death, 0,37%. The first death occurred on 








































































































































































































































































show respiratory illness and fever one day after she was dried off. Despite attempts to mitigate 
the cow’s illness through medical therapy with the nonsteroidal anti-inflammatory drug 
ketoprofen 150 mg/ml for one day and the antibiotic benzylpenicillin 300 mg/ml the following 
day the severity of the disease increased. The cow was found dead on the third day of clinical 
illness. The second case of death occurred on the 8th of January, to a five-year-old cow, seven 
weeks postpartum. The cow was considered to have had a poor health since long time, and was 
euthanized when apathetic on the fifth day of clinical illness after two days of fruitless treatment 
with the nonsteroidal anti-inflammatory drug ketoprofen 150 mg/ml. The total cost of the two 
deaths was estimated to 21000 SEK. 
Veterinary care and medicine treatment costs 
The farm veterinarian was called out to the farm because of BRSV-associated morbidity two 
times during the outbreak, on the 2nd and 6th day of the outbreak respectively, 4th and 8th of 
January. The cost of these two veterinary services was 2 656 SEK, veterinary medicine 
administration excluded. In addition to these two veterinarian visits other veterinarians, such as 
the research coordinator on the farm and cattle researchers connected to the farm, were 
consulted several times, but free of charge.  
The total cost of medicines, syringes and cannulas were 5399 SEK. Medical treatments were 
carried out to decrease suffering and facilitate recovery. There was a total of 28 animals treated, 
all cows, representing 5,1% of the average number of animals in the herd and 10,7% of the 
average number of cows. With the exception of a cow that fell ill one day after she was dried 
off and moved from stable section A to stable section B, all animals that were treated with drugs 
were either peripartum animals in the calving room or lactating cows in section A. No calves 
or recruitment animals were medically treated. Treatment decision criteria were high fever, 
moderately to severe breathing difficulties and/or moderately to severely decreased general 
condition. A treatment decision could be carried out either by the field veterinarian or personnel 
at the farm. Characteristics of the treated animals, other than that they all were cows, were that 
18 out of the 28 cows, 64%, were within two months post-partum (15 cows) or dry cows (3 
cows). Six of the treated animals that gave birth during or shortly before the outbreak were 
heifers. Eight of the 28 treated cows, 29%, were born in other farms and purchased by Lövsta  
in 2011, when the new farm was built and the herd was enlarged. The age range of the treated 
animals was two years and two months to six years and seven months, with an average three 
years and eight months. The first treatment in the herd was carried out on the first day of 
observed respiratory signs, the 3rd of January. Treatments were then carried out during 14 
consecutive days. A total of 82 doses were given. The average number of treatment days per 
cow was 2,7 days, with a variation of 1 to 8 days. Median number of treatment days was 2 per 
treated animal. All medicines were administrated according to manufacturers’ recommend-
dations, concerning both dose and route. All treated cows were given anti-inflammatory 
treatment. 27 cows received non-steroidal anti-inflammatory, ketoprofen 150 mg/ml (3 mg/kg, 
once daily, one to three days) and/or meloxicam 20 mg/ml (0,5 mg/kg, once daily, one to two 
days). Two cows received glucocorticoid treatment, dexamethasone 1 mg/ml or 2 mg/ml, 
respectively. Five cows were given antibiotic treatment, benzylpenicillin 300 mg/ml (20 mg/kg, 
once daily, up to five days). The treatments resulted in a total of 70,5 days of milk withdrawal. 




The first set of diagnostic samples were collected by the farm veterinarian on the second day of 
the clinical phase of the outbreak, the 4th of January. Three nasal swabs for PCR diagnosis were 
taken from three cows with fever (39,4-40,0°C), tachypnea, increased breathing sounds, 
anorexia and decreased milk yield. The nasal swabs were analyzed by Swedish National 
Veterinary Institute, SVA, who analyzed the samples through RT-qPCR. The total cost for these 
three tests was 2063 SEK. All three samples were positive. 
For research purpose and in addition to the diagnostic tests above, nasal swabs for virus 
isolation in cell culture were taken from nine animals with clinical signs of BRSV-infection 
during the second week of the outbreak. BRSV was isolated from seven of these, based on 
presence of syncytia and cytopathogenic effects that are characteristic of the virus. The presence 
of BRSV was confirmed by RT-qPCR. BRSV was isolated from a one-month-old bull calf and 
six heifers of two to six months of age, but not from a seven-months-old heifer and a cow. Three 
of the aforementioned young heifers were also tested for the two other main bovine respiratory 
viruses in Sweden, bovine coronavirus (BCoV) and bovine parainfluenza virus type 3 (BPIV3). 
The tests were carried out by analyzing nasal swabs with RT-qPCR. No BCoV or BPIV3 was 
detected in any of the samples. BRSV-specific IgG1 antibodies were analyzed by indirect 
ELISA on paired serum samples from two one and a half month old calves and five two to six 
months old calves, all showing clinical signs of BRSV-infection. The first set of serum samples 
were collected simultaneously as the nasal swabs for the virus isolation. With the exception of 
one five months old calf, that had low levels of BRSV-specific antibodies, all calves were 
seronegative during the outbreak and had seroconverted within three to four months, when the 
second sample was obtained. The calf that was not seronegative at first sampling had the oldest 
mother, born in 2009. Both the virus isolation tests and the antibody tests were performed within 
research projects and therefore free of charge for the farm.   
Cost for personnel for extra work hours 
There was a substantially increased workload on the farm during roughly one month associated 
to the outbreak. During the first week of the outbreak no extra personnel was hired, but the 
regular personnel increased their work effort without demanding extra payment. During the 
second to fourth week of the outbreak the regular personnel was hired for extra working hours. 
During the second and third week they worked at least four additional hours per day, divided 
upon mornings and evenings. During the weekdays of the fourth week the regular personnel 
worked at least two additional hours per day, divided upon mornings and evenings. The total 
number of extra hours was 66. Multiplying each extra hour with its specific price, given by the 
day of the week and time of the day that it took place, the total cost was 17,112 SEK.  
Estimation of milk production 
On herd level a visible decrease in bulk milk amount was observed to begin on the same day as 
the first recorded clinical case, the 3rd of January (Fig. 3). Individual milk curves indicated that 
the decrease in milk production begun already two days before the first recorded clinical case, 
the 1st of January. Compilation of the bulk milk data and production data of individual cows 






of January. The expected milk production during the period of presumably decreased 
production was estimated to 49252,5 kg. The actual amount of bulk milk during the same period 
was 39243,5 kg, 6,7% less than expected. The lowest production was recorded three days after 
the first observed clinical case, the 6th of January, with a production of 17,4% less than expected.  
 
Figure 3. Actual and expected daily bulk milk during the outbreak. The semi-transparent area 
represents the clinical phase of the outbreak, recorded to have started on the 3rd of January 2016. 
 
 
Figure 4. Expected and actual individual daily average milk yield (IDAMY) in section A during the 
period of presumably decreased milk production, 2016-01-01 to 2016-01-23. The semi-transparent area 
represents the clinical phase of the outbreak, recorded to have started on 2016-01-03. 
 
The individual daily average milk yield (IDAMY), for the cows in section A, during the period 
of presumably decreased milk production was 28,34 kg/cow/day, 6,2% lower than the expected 
30,20 kg/cow/day (Fig. 4). The lowest record of IDAMY was recorded on the same day as the 
day of lowest bulk milk amount, the 6th of January, 12,7% lower than expected. The most sick 
animals (the cows housed in the sick ward and some of the cows in the calving room) were not 
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The number of cows in lactation was progressively increasing throughout the outbreak (Fig. 5). 
According to records made by the stable foreman the number of lactating cows increased from 
219 to 239 between the 19th of December 2015 and the 22nd of January 2016, an increase of 
9,3%. Due to difficulties to retrieve some data and lack of milk records of individuals housed 
in the sick ward and the calving room the total number of lactating cows for each day was not 
possible to determine with certainty. The number of cows housed in section A could on a daily 
basis be defined with certainty. During the period of presumed decreased milk production the 
number of cows in section A varied between 199 and 229. The lowest number, 199, was 
recorded on 6th of January, the same day as the lowest bulk milk amount was recorded.   
Figure 5. Number of calvings per day in the herd from November 2015 to March 2016, divided 
upon heifers and cows. The semi-transparent area represents the clinical phase of the outbreak, 
recorded to have started on the 3rd of January 2016.  
 
In addition to the change in amount of bulk milk the milk quality changed during the outbreak. 
The fat content showed a visible increase during a period of little over a week starting on the 
day of the first recorded clinical case, the 3rd of January (Fig. 6). During the same period the 
protein content of the milk decreased (Fig. 6). The highest fat-protein-quota was recorded on 
the 5th-6th of January, dates corresponding with the lowest milk production. The highest fat-
protein-quota was 1,44, 17,36% higher than during the reference period when the average was 
1,23. Due to the Swedish price setting for milk, rewarding high fat-protein-quota, the increased 
fat-protein-quota was not economically negative to the farm. Compared to the reference level 
the somatic cell count was increased throughout the period of presumably decreased milk 
production. The somatic cell count average during the reference period was 126,5*103 cells/ml. 
During the period of presumably decreased milk production the somatic cell count was on 
average 180,5*103 cells/ml, 42,9% higher than during the reference period (Fig. 7). The missing 
values on the 1-2nd of January in the graph of somatic cell count are due to exclusion of 
abnormal values due to a measurement error (30*103 cells/ml). The increase in somatic cell 
count was not high enough to result in a decreased milk price. The milk loss during the period 
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Figure 6. Actual and expected fat and protein content (%) in bulk milk during the outbreak. The semi-
transparent area represents the clinical phase of the outbreak, recorded to have started 2016-01-03. 
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Estimation of feed intake 
Already before clinical signs of respiratory disease were detected the personnel on the farm 
noticed decreased appetite among the lactating animals in section A (Fig.10 and 12). For the 
estimations of feed consumption roughage and concentrate were analyzed separately. Due to 
varying degree of feed consumption records qualitative estimations could only be made for the 
animals in section A. For roughage consumption estimations could only be made for cows in 
milking group 1 and 2. Concentrate consumption could be estimated for all cows in section A. 
On individual level roughage consumption was observed to decrease from the 1st of January, or 
up to three days before observed clinical signs of respiratory disease (Fig. 9). During the 
outbreak abnormally sunken paralumbar fossa was recorded in several animals within the 
milking groups. On the first day of the clinical phase of the outbreak, the 3rd of January, the 
average individual roughage consumption in milking group 1 and 2 reached its lowest value, 
25,9% lower than during the reference period. The daily average decrease of roughage 
consumption within milking group 1 and 2 during the presumed period of decreased milk 
production was -3,62% per cow per day. The manually given roughage support feed, hay, that 
was distributed to facilitate feed intake in milking group 1 and 2 was estimated to roughly one 
kilo per cow per day during a one week-period starting on presumably the 6th of January. How 


















Roughage consumption milking group 1 and 2 individual daily average 
during reference period 2015-12-01 to 2015-12-10 (kg)





Figure 9. Individual daily roughage consumption (kg) in milking group 1 and 2 during the period of 
presumably decreased milk production, 2016-01-01 to 2016-01-23. 
 
On the 24th of December, ten days before the first recorded clinical case, the concentrate 
consumption decreased in section A, both in terms of total consumption and individual average 
(Fig. 12). On the 2nd of January, one day before the first recorded clinical case, the consumption 
was observed to decrease further. It was not possible to correlate the first days of decreased 
concentrate consumption with clinical records of BRSV-infection on individual level. Neither 
could any correlation be found between the first days of decreased consumption and 
aggregation of drying offs (Fig. 5). The second phase of the concentration decrease could be 
correlated to clinical records of BRSV-infection. On individual level decreased concentrate 
consumption could be observed two days before recorded clinical signs, but not for all 
investigated individuals. The lowest individual daily average consumption was observed on the 
second day of the clinical phase of the outbreak, on the 4th of January. This day the individual 
average consumption was 4,53% lower than during the reference period. During the outbreak 
there was a higher proportion of animals in high production, due to early lactation, then during 
the reference period one month before the outbreak. Due to the composition of more high 
producing cows the individual daily average of concentrate consumption during the outbreak 
was expected to have been at least as high as the reference average (9,31 kg/cow/day), if the 






































































































































































































Roughage consumption milking group 1 and 2
individual daily average 
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Figure 10. Individual average concentrate consumption for cows housed 
in section A, milking group 1 to 4, during reference period,  




Figure 11. Individual average concentrate consumption (kg) 2015-12-20 to 2016-01-23, compared to 
average consumption during reference period 2015-12-01 to 2015-12-10.  
 
For animals housed in the sick ward or the calving room there were no feed records. For animals 
in section B, due to the limited recording of feed intake, no feed-associated conclusions were 
possible to make.  The appetite and feed consumption among the calves of two to six months 
of age was not possible to determine with certainty due to complicated recording system, errors 
in the recording system and loss of manually written health records. The hutch calves were in 
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Overview of the estimated costs 
The sum of the estimated budget items is 71464 SEK. Which rounded equals to 130 SEK per 
animal housed in the farm during the outbreak. Out of the investigated costs milk loss (23234 
SEK, 32,5%), death (21000 SEK, 29,4%) and extra personnel (17112 SEK, 23,9%) were the 
three major budget items (61346 SEK, 85,8%) (Fig. 13). Veterinary cost (2656 SEK, 3,7%), 
medicine costs (5399 SEK, 7,6%) and costs for diagnostic tests (2063 SEK, 2,9%) were 
comparably small costs (Fig. 12).   
 




Milk loss 23234 SEK, 32,5 %
Death 21000 SEK, 29,4 %
Extra personnel 17112 SEK, 23,9 %
Veterinary cost 2656 SEK, 3,7 %
Medicine cost 5399 SEK, 7,6 %




The total cost of the estimated factors of economic significance was 71,464 SEK, corresponding 
to about 130 SEK per animal. The main costs were due to milk loss (23,234 SEK, 32,5%), death 
(21,000 SEK, 29,4%) and extra labor (17,112 SEK, 23,9%). Diagnostic tests and treatment 
costs for veterinary service and drugs were comparably small expenses (10,118 SEK, 14,2%). 
However possible long-term consequences, such as reproduction disorders and reduced growth, 
have not been finished to be investigated and thus making the estimated cost of 71,464 SEK a 
likely underestimation. 
Laboratory investigations carried out to determine the causative agent of the outbreak 
confirmed an ongoing BRSV infection and indicated the absence of other common respiratory 
pathogens. Based on several negative serum tests against BRSV-specific antibodies in young 
heifers on the farm during the last four years before the outbreak (data not shown), lack of 
BRSV-specific maternal antibodies in most young calves that were sampled during the outbreak 
and an overrepresentation of old cows in the treatment statistic, the herd immunity was assumed 
to have been low. 
The outbreak occurred in January when the outdoor temperature reached down to -25 °C, and 
lasted for three to four weeks. At least two days before clinical signs of respiratory disease were 
detected the appetite among the animals decreased. Simultaneously or shortly later the milk 
production decreased. The outbreak started in the stable section of the milking cows. Within a 
week the outbreak had spread to the animals in the other stable sections in the main building. 
Within two weeks the disease had reached the calves in the outdoor hutches. The slow spread 
of the outbreak is believed to have been due to the stable sections being separated by walls and 
having separate ventilation and hygiene routines to minimize transmission between the animals. 
Another factor believed to have had an impact on the slowness of the spread, and also the degree 
of clinical signs, was the big air volume in the two major stable sections, section A and B, 
presumably keeping the concentration of virus particles low in the air and consequently the 
dose of exposure relatively low. Data suggests that there is a positive correlation between the 
level of exposure and the likelihood of a symptomatic infection (Kimman et al., 1988). The 
degree of clinical signs varied. The most severely affected animal categories were the milking 
cows, the peripartum animals in the calving room and the two to six months old calves. Despite 
separate ventilation and heating in the rooms of the two to six months old calves there was a 
known problem of poor air quality in those rooms, possibly contributing to the high morbidity 
observed among the calves. The calves housed in the hutches were the seemingly least severely 
affected animals. The low degree of clinical illness among the hutch calves is speculated to 
mainly be due to probable lower infection pressure since the animals were kept outside and 
there was limited contact between animals. Though it should be noted that due to the cold 
weather the clinical signs of respiratory disease might have been undetected among the claves 
housed in the hutches. Calves housed in temperatures below their thermoneutral zone can be 
affected by cold stress and might as a consequence have a temperature dependent decreased 
rectal temperature hiding a pyrexia and a temperature dependent decreased respiratory rate 
hiding a tachypnea (Scibilia et al., 1987).  
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The biggest loss for the farmer was due to the decrease in milk production. The milk production 
was reduced for at least three weeks. During these three weeks the bulk milk was decreased 
with 6,7%. The decrease was due to decreased individual milk yield, in addition to milk 
withdrawal for some of the treated cows and disposal of milk produced by the cows in the sick 
ward and sick cows in the calving room. The IDAMY was during the same period 6,2% lower 
than the expected, but since the most sick animals (housed in the sick ward and some in the 
calving room) were not included in the IDAMY the estimated IDAMY is expected to be an 
underestimation of the true IDAMY. The increased fat-protein quota is most likely a 
consequence of negative energy balance, as a result of the decreased appetite. The increase in 
somatic cell count is not necessarily only or directly due to the BRSV-infection, but also or 
more likely due to a higher proportion of cows being in early lactation and thereby in negative 
energy balance, which has been correlated to increased somatic cell count (Nyman et al., 2008). 
The second biggest cost for the farmer was the death of two cows. Compared to other outbreaks 
reported in literature, with a mortality up to 20% (Valarcher and Taylor, 2007), the mortality of 
this outbreak with 0,37% was comparably low. The third biggest cost for the farmer was the 
expenses for the extra labor. However, the estimated cost for extra labor is expected to be an 
underestimation, because the personnel proclaimed that their workload had been very big 
during the outbreak, likely causing costly secondary affects due to neglected management 
(Beaudeau et al., 2010; Hägglund et al., 2007). The veterinary cost was comparably small, but 
is believed to have been as low as it was because of the farm’s status as a research farm 
providing access to veterinary service free of charge.  
The observed decrease in feed consumption during the outbreak is most likely an 
underestimation since the most severely sick animals were not included in the estimation. The 
economic impact for the farmer of the decreased feed intake is debatable. The daily distribution 
of roughage did not decrease to the same extent as the daily intake, resulting in an increased 
waste of feed for the farmer. It is also likely that the sick animals had an increased maintenance 
energy requirement resulting in a proportionally higher feed cost in comparison to the 
production level. Since the concentrates were fed in automatic feeders the decreased 
concentrate consumption resulted in a decreased cost for the farmer in short term, but due to 
the at the same time decreased production the decreased cost can only partly result in a real 
decrease in cost.   
The main challenge in illuminating this outbreak was that some aspects of the outbreak was 
only partly recorded, or not recorded at all. It was also difficult to retrospectively correlate 
existing data when information was missing. In conclusion the short-term effects of this 
outbreak were mainly characterized by milk loss, death and cost of extra labor. The results of 
this study indicate that feed consumption and milk yield can be used as early warning signs of 
an upcoming BRSV-outbreak, but further investigation is needed. Another aspect in the need 
of further investigation is the long-term effects of BRSV-infection, such as decreased growth 
and reproduction disorders. Decreased growth has previously been described as a consequence 
of BRSV-infection (Klem et al., 2015) and so has abortion (Jacobsson et al., 1989). In summary 
this study emphasizes the need of preventive measures to minimize the consequences of this 
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